There is increased proportional mortality from Parkinson's disease amongst livestock farmers. The hypokinesia of Parkinson's disease has been linked to Helicobacter pylori. H. suis is the most common zoonotic helicobacter in man.
Publication data
Aim To compare the frequency of H. suis, relative to H. pylori, in gastric biopsies of patients with idiopathic parkinsonism (IP) and controls from gastroenterology services.
Methods DNA extracts, archived at a Helicobacter Reference Laboratory, from IP patient and gastroenterology service biopsies were examined anonymously for H. suis, using species-specific RT-PCR.
Results
Relative risk of having H. suis in 60 IP patients compared with 256 controls was 10 times greater than that of having H. pylori. In patients with IP and controls, respectively, frequencies of H. suis were 27 (exact binomial 95% C.I. 15, 38) and 2 (0, 3)%, and of H. pylori, 28 (17, 40) and 16 (12, 21) %. Excess of H. suis in IP held when only the antral or corporal biopsy was considered. Of 16 IP patients with H. suis, 11 were from 19 with proven H. pylori eradication, 3 from 17 pre-H. pylori eradication, 2 from 24 H. pylori culture/PCRnegative. Frequency was different between groups (P = 0.001), greatest where H. pylori had been eradicated. Even without known exposure to anti-H. pylori therapy, H. suis was more frequent in IP patients (5/41) than in controls (1/ 155) (P = 0.002). Partial multilocus sequence typing confirmed that strains from IP patients (6) and control (1) differed from RT-PCR standard strain.
INTRODUCTION
The broad brush of epidemiology has provided enigmatic aetiopathogenic clues in Parkinson's disease (PD). It has been linked, albeit inconsistently, with rural living and farm experience. 1 Such associations have long been explained away by putative exposure to agrochemicals. However, a mortality study in 26 US states found increased proportional mortality from PD among livestock, but not arable, farmers. 2 From a total of 6 million death certificates, 267 479 decedents were classified as either crop or livestock farmers. Amongst white males, the proportional mortality from PD was significantly higher in livestock farmers than in nonfarmers, but lower in crop farmers. Zoonotic infections were considered as an explanation, but it was noted that the pesticides used in animal infestations are different from those used on crops. These effects were not replicated in the much smaller numbers of White female or of African American decedents. The 1965 finding of prodromal peptic ulcers in PD 3 paved the way to exploring any link between (the then undiscovered) Helicobacter pylori and PD. [4] [5] [6] [7] The 2012
Maastricht IV Consensus Report 8 acknowledges interesting associations. In a randomised placebo-controlled trial, we found that biopsy-proven H. pylori eradication had differential effects on objective measures of PD facets: improvement in hypokinesia and worsening rigidity over the year post-eradication, both plateauing over the next year. 6 Overall, there was clinically relevant improvement. This was independent of any (stable, long t½) anti-parkinsonian medication. Receipt of levodopa was an exclusion. Moreover, the effect on hypokinesia was indication-specific. 7 A longitudinal observational study confirmed improvement in hypokinesia following H. pylori eradication. Anti-microbials for other indications had no such effect, but successive courses were associated with cumulative increase in rigidity. Could, then, zoonotic-transmission of gastric non-H. pylori Helicobacter species (NHPH) contribute to PD? The term NHPH represents a group of closely related, but distinct, bacterial species found in different animal species, such as H. suis in pigs, and H. felis, H. salomonis, H. bizzozeronii, H. heilmannii sensu stricto, H. cynogastricus and H. baculiformis in cats and dogs. 9 Although infection with these bacteria has been associated with human gastric disease in a substantial number of patients, [10] [11] [12] [13] [14] [15] [16] human NHPH strains have been isolated on only three occasions. [17] [18] [19] Subsequent identification to species level has revealed these to be H. bizzozeronii in two cases 18, 20 and H. felis in the other. 19 Based on histopathology of gastric biopsy, the prevalence of NHPH in patients with gastric disease has been estimated at between 0.2% and 6%, depending on geographical distribution. 12 Several studies have demonstrated that H. suis is the most frequent NHPH species in humans. 9, 13, 15 However, its in vitro culture, starting from human gastric mucosa, has been unsuccessful so far, underlining the extreme fastidiousness of gastric NHPH in general and H. suis in particular. We report the frequency of H. suis DNA in archived DNA extracts from gastric biopsies in a group of PD patients and a group of gastroenterology patients, as part of a service evaluation. The relative prevalence of H. pylori immunoblot seropositivity in people with and without PD (37% and 31% respectively) has been reported. 21 Here, we standardise the frequency of H. suis positivity against that recorded for H. pylori (culture, or if negative, PCR), in order to compare the two sets of archived DNA extracts.
METHODS

Service evaluation
The term 'H. heilmannii' was commonly used to describe spiral gastric helicobacters seen on histopathology. The diagnostic service of the Gastrointestinal Reference Unit, Public Health England, for PCR detection of 'H. heilmannii-like organisms' in gastric biopsy material 22 was re-evaluated, using anonymised archived DNA extracts. As H. suis is the commonest reported NHPH in humans and a species-specific assay is now available, 14 it is a good starting point for evaluating whether NHPH cases are being missed. Interestingly, the original 'H. heilmannii' assay was set up in response to a case of a spiral helicobacter in PD. 23 Sourcing anonymised DNA extracts The Helicobacter Reference Laboratory in the Gastrointestinal Bacteriology Reference Unit, Public Health England, held DNA from gastric biopsies, extracted (at time of receipt) over the last decade, stored at À80°C. Biopsies had been received with request for Helicobacter culture (isolation/identification/anti-microbial susceptibility) and, if biopsy culture-negative, detection of H. pylori-specific DNA. Culture-negative biopsies had been tested using a PCR targeting 16S rRNA (primer pair HP1⁄HP2) 24 and vacA (Vac3624F⁄Vac3853R) 25 genes. To detect 'Helicobacter heilmannii-like organisms' a 16S rDNA assay had been used. 22 For the service evaluation, archived DNA extracts, identified only by their accession number, were couriered to the Laboratory of Veterinary Bacteriology and Mycology, Ghent University. All extracts archived over this decade (paired antral and corporal biopsies) from 60 patients with 'clinically definite' idiopathic parkinsonism (IP), 26 diagnosed at a National clinic, were retrieved. Clinically definite IP refers to any combination of three of the four cardinal features: resting tremor, rigidity, brady/hypokinesia, impaired postural reflexes. Alternatively sufficient is having two of the features, with one of first three asymmetrical (Responsiveness to a dopaminergic drug challenge was not a requirement). Details of anti-microbials used in any previous anti-H. pylori treatment (19/60) had been recorded on the request form. DNA extracts from biopsies originating from English gastroenterological services, selected for attention to documenting any exposure to anti-Helicobacter therapy on the request form, were used as 'controls'. This criterion yielded extracts from 256 patients, archived over a similar period (single biopsy on given occasion except in four, where two sites sampled). There had been previous exposure to anti-Helicobacter therapy in 101, no recorded exposure in the rest. No request form mentioned Parkinson's disease, or any other issues outside the context of diagnostic endoscopy. Crude prevalence rate estimates for PD in 34 European studies range widely, from 65.6 to 12 500 per 100 000 27 : that is, 0-32 diagnosed cases would be expected in the gastroenterological services' patient group, even if they had no particular predisposition. Frequencies of Helicobacter species reported here are not construed as prevalence: there is selection in the controls (for adequate documentation by above criterion) and of IP patients (for a clinic with particular interest in the gastroenterological aspects of PD). Any direct estimate of association between presence of H. suis and PD could be biased by cohort selection. We therefore obtain an estimate of the risk of H. suis in patients with IP compared with those from gastroenterological services by standardising for the relative risk of having H. pylori, and by setting H. suis frequency in context of exposure to anti-Helicobacter therapy. No analysis of the relationship of H. suis status to gastric symptoms was planned: the request form did not contain a checklist.
H. suis detection
The presence of H. suis DNA in the extracts was determined using a H. suis-specific quantitative real time (RT)-PCR, based on the ureA gene. For generating the standard, part of the ureAB gene cluster (1236 bp) from H. suis strain HS5 was amplified using primers U430F and U1735R, as described previously. 14 RT-PCR System with a C1000 Thermal Cycler (Bio-Rad, Hercules, CA, USA). To confirm the presence of H. suis DNA, all positive samples were sequenced. 16 All 413 available extracts (including replicate biopsies at a given time and any follow-up biopsies) were assayed on two separate occasions to estimate between-assay agreement. To demonstrate that the H. suis DNA in the biopsy extracts was different from the H. suis strain HS5 DNA used as standard in the RT-PCR, multilocus sequence typing (MLST) was performed with seven housekeeping genes, as previously described. 28 
Statistical analysis
Use of exact binomial confidence intervals provided an estimate of the uncertainty in estimates of proportions. The risk ratio, risk of having H. suis in IP patients to that in controls compared with relative risk of having H. pylori, was estimated from the paired data on the two species, using a conditional Poisson regression with robust standard errors. 29 
RESULTS
The distribution of age at time of first biopsy in controls [mean 52 (data interval 24, 81) years] encapsulated that in the IP patients [62 (45, 79) years]. There was no significant difference in the proportion of male patients: 57% of the IP patients were male (34/60), 47% (120/256) of the controls.
Overall agreement (99.3%) between the two H. suis RT-PCR assay runs on separate occasions was strong (n = 413, Kappa = 0.95, P < 0.001: null hypothesis of no agreement rejected) and there was no significant difference between the first and second run {exact McNemar's test, ratio of paired proportions 1.11 [95% confidence interval (CI) 0.99, 1.24], P = 0.25}. Thirty-one of the 413 extracts were positive in either run, 28 in both. Nucleotide sequencing of positive samples, and subsequent Basic Local Alignment Search Tool (BLAST) analysis, revealed 95-100% homology with known H. suis strains.
The frequency of detection of H. suis and H. pylori in the extract(s), held in the archive from the 60 IP patients and 256 controls, is shown in Table 1 . In patients biopsied on more than one occasion, only the first occasion is considered. Overall, H. suis DNA was present in 27 (binomial exact 95% CI 15, 38)% of the IP patients and in 2 (0, 3)% of controls. It was present in 18 (10, 30)% of antral biopsies and 13 (6, 25)% of corporal biopsies from IP patients. Thus, the excess H. suis frequency was not an artefact due to sampling both regions in IP, but only one region (46% antral, 1% corporal, 2% duodenal, rest 'gastric') in all but four controls (2 had antral and corporal biopsies, 1 antral and duodenal, in 1 both were labelled 'gastric'). Of the 16 IP patients with H. suis, 11 were from the 19 with proven H. pylori eradication, 3 from the 17 pre-H. pylori eradication and 2 from the 24 who were H. pylori-negative. Frequency of H. suis detection differed significantly among these three groups (Fisher's exact test, P = 0.001), being greatest in those who had undergone anti-H. pylori therapy than in the remainder. There was no significant difference in the anti-H. pylori regimen (clarithromycin/amoxicillin/proton pump inhibitor or other: footnote Table 1 ) between those with and without H. suis in its aftermath. Even in those without known previous exposure to anti-H. pylori therapy, H. suis was more frequent in IP patients (5/41) than in controls (1/155) (P = 0.002). The low frequency of H. suis in the 256 controls precluded estimation of any increased risk with exposure to anti-H. pylori therapy.
Partial MLST results for the H. suis DNA found in extracts from 6 IP patients and 1 control are shown in Table 2 . The allele pattern in these samples differed from that in the HS5 DNA standard: that is, the sample results were not due to contamination. It was not possible to obtain complete MLST sequence types, due to interference from human DNA and the low amount of H. suis DNA found in some extracts.
None of the samples had been reported as positive for 'Helicobacter heilmannii-like organisms' on the original assay 16S rDNA assay. 
DISCUSSION
Relative frequency of H. suis in IP The frequency of finding H. suis DNA in extracts from gastric biopsies in a well-defined disease state, clinically definite IP, contrasts sharply with the apparently 'sporadic' nature in patients from gastroenterological services undergoing diagnostic endoscopy. The statistical significance of the finding withstood standardisation for the relative frequency of H. pylori in the two patient groups. However, defining the strength of association between presence of H. suis DNA in gastric biopsies and PD will clearly require representative cohorts of IP probands and controls. As human infection with NHPH is characteristically sparse and patchy, 12 we may be underestimating the true frequency of H. suis in both patient groups. There are no previous studies of the frequency of NHPH in PD for comparison.
Proposed pathophysiological role of Helicobacter species in IP
The concept of 'brain-altering' remote infections is receiving increasing attention. Neuro-inflammation in IP may not merely be the adverse effect of microglial scavenging of degenerating neurons and reaction to aberrant protein. 30, 31 If PD is driven by systemic immuno-inflammatory processes, 4, 5 intervention against them, or their driving forces, could modify its course.
6, 7
A U-turn in brady/hypokinesia and weight gain was described after eradicating a spiral Helicobacter, associated with antral gastritis, in a cachectic IP patient, who had been wheelchair-bound without assistance for over a year. 23 The aetiopathogenic significance of zoonotic helicobacters in IP remains to be explored. Finding clinical correlates (e.g. epidemiological, such as mortality, and pathophysiological, such as circulating inflammatory markers) would suggest that H. suis DNA in gastric mucosa is of significance in IP. Autoimmunity is suggested as the mechanism of the effect of H. pylori eradication on hypokinesia. [4] [5] [6] Response appears unrelated to infection load. Poor response is associated with anti-nuclear antibody seropositivity. There are HLA-DR risk loci for PD. If NHPH eradication has a similar effect, then the immune hypothesis could move to a pattern recognition response rather than classical HLA-restricted autoimmunity. hamper histological confirmation. Sensitivity and specificity of the RT-PCR will need to be determined for introduction into routine clinical use. This is not as problematic for H. suis as for other NHPH, since it is the only gastric Helicobacter isolated from pigs in Europe, where infection is very common and load high. The gold standard of seeing spiral gastric helicobacters, in a histological section adjacent to the biopsy for DNA extraction, can be applied. Greater frequency of H. suis in IP where H. pylori has been eradicated points to need for post-treatment endoscopic biopsy. New infection in a particularly susceptible host cannot be excluded, although adult transmission of another gastric helicobacter, H. pylori, is unusual. It is likely that the IP patients were co-infected with H. pylori and H. suis prior to eradicating H. pylori, and H. suis filled the niche afterwards. Indeed, susceptibility testing of isolates from sows suggests relative intrinsic insensitivity to amoxicillin and metronidazole, greater intrinsic susceptibility to tetracycline. 32 Current use of tetracycline in first-line treatment strategies is limited. 8 Information on in vitro anti-microbial susceptibility of H. suis in man is needed.
Transmission of H. suis
Contact with pigs is a risk factor for human gastric H. suis infection. 33 It was demonstrated, using MLST, that a H. suis strain from the stomach of a pig veterinarian with gastric complaints was closely related to porcine strains. 16 Horizontal and/or vertical transmission of NHPH might contribute to explaining the epidemiology of IP. Whilst we do not know if NHPH can be passed between humans, most H. pylori infections are transmitted where there is close contact, as between parent or sibling and infant. This fits with the siblings of IP patients sharing facets of the syndrome and increased frequency of H. pylori seropositivity. 4 Adult transmission of a causative factor is suggested by spouses of IP patients being a short, but highly significant, 'distance-down-the-pathway', 4 with marked, multifarious, relevant differences between spouses and control couples. These are difficult to explain by selective mating or learnt/reactive behaviour.
Future directions
Irrespective of association of H. suis with PD, its known association with gastric pathology requires its detection to be added to diagnostic microbiology on gastric biopsies from patients in high-risk groups. Feedback of results of the service evaluation to individual IP patients, who were traceable by the single clinic, has been made, with the option of re-biopsy in those with historical H. suis infection.
A natural progression of the work is to examine the archived samples for zoonotic helicobacters commonly associated with cats and dogs.
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